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Dynamic thermal modeling of Legionella Pneumophila
proliferation in domestic hot water systems
A simulation model is developed that allows to investigate the infection risk for
Legionella Pneumophila in the design phase of a DHW system and to test the
effectiveness of disinfection techniques on an infected system. With the
thermodynamic model, the Legionella P. infection risk of the DHW recirculation loop
in a case study building is assessed and important components for an optimization
study on the trade-off between infection risk and energy efficiency are identified.
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Conclusions
By developing a simulation model that allows assessing the
Legionella pneum. infection risk in dynamic conditions, HVAC
designers will be able firstly to thoroughly assess the infection
risk associated with their design and secondly to optimize the
temperature regimes, choose better hydronic controls and
reduce the energy demand for DHW production.
A 2 volume approach is presented to model the stagnant part of
the water volume that is not flushed out by intermittent usage in
DHW systems. Modeling a multi-family residential case study
building pointed at considerable Legionella pneum. proliferation
risk in the boiler vessels and dead pipe-ends.
With this model, the Legionella pneum. infection risk of 5 to 10
often used DHW configurations from REHVA design guidelines
for DHW systems will be assessed and new design guidelines
for these configurations will be proposed based on an
optimization study that looks at the trade-off between
Legionella penum. infection risk and energy efficiency.
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The Legionella pneum. infection risk of a
dead pipe-end branched from a
circulation network system is
investigated. The simulation proves that
dead pipe-ends are critical locations for
the growth of the bacteria. Due to the
lack of water flow, the temperature drops
into the critical range over a short end of
the pipe, which then infects the
remainder of the dead pipe-end
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A simulation model is developed that allows to
investigate the infection risk for Legionella
pneum. in the design phase of a DHW system
and to test the effectiveness of disinfection
techniques on an infected system. With the
thermodynamic model, the Legionella pneum.
infection risk of the DHW recirculation loop in a
case study building is assessed and important
components for an optimization study on the
trade-off between infection risk and energy
efficiency are identified.
Scheme of the implemented Legionella
pneum. growth model where c denotes
the concentration of Legionella pneum.
bacteria, ‘groei’ the relative growth rate,
V volume, t time and m mass.
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With ever improving insulation levels and air tightness of
building envelopes due to the tightening of energy
performance requirements for buildings, the production of
DHW, which has seen comparatively little innovation, now
easily dominates the total energy demand. On average
15kWh/m² per year is needed for DHW production [Defruyt
et al., 2013]. This demand is unchanged, while projected
energy performance requirements for 2020 reduce the total
energy demand for heating, cooling and DHW production to
1/3 of what they were in 2006.
One of the main reasons for this high energy
demand is that DHW is produced, stored and
distributed at temperatures above 55°C to
mitigate the risk of infecting the DHW system with
Legionella pneumophila, an aerobic gram-
negative bacterium that, upon aerosolized
exposure, causes acute respiratory disease or
severe pneumonia.
For most of the applications of DHW, such as
showering or doing the dishes, temperatures of
only 30-40°C are required. This disparity (between
55 and 30-40°C) doubles the temperature
difference between the DHW system and the
environment along with the associated heat loss
and has a detrimental effect on the efficiency
of DHW production units such as heat pumps.
DHW application NBN 345 ISSO
Washing hands 35°C 40°C
Shower / Bad 40°C 37°C
The Legionella pneum. concentration at
the bottom layer of the boiler is
investigated. The simulation proves that
the bottom layer of the boiler is a critical
location for the growth of the bacteria.
